Au and Ag are known to be metallic and none of them have shown independently superconductivity. Here we show superconductivity in Ag implanted Au thin films. Ag implanted Au films of different thicknesses have been studied using four probe resistance versus temperature measurements. We have also measured the pristine samples (i.e. without any implantation) to compare the transport properties. The superconducting transition occurs around ~2 K (TC) for Ag implanted 20 nm Au film (the lowest resistance observed below TC is ~10 -6 Ohm). Change of Tc towards lower temperatures has been observed under the effect of increasing current and magnetic field which endorses the superconducting state. Further the V~I measurements were carried out to verify the superconducting nature. On the other hand, the pristine samples clearly did not exhibit superconductivity down to 1.6 K. Our results open an avenue for further exploring this type of novel superconductivity for future applications.
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Introduction:
Today the word "Superconductivity" gives a sparkling feeling to the materials scientists even after 100 years of its discovery by Heike Kamerlingh Onnes in Mercury [1] . Since its discovery, scientists are in race to find such novel phenomena at higher temperatures with a great aim towards the room temperature superconductors. The discoveries of superconductivity at higher temperatures in Lanthanum-and later on Yitrium-based cuprates have enlighten the community with large hope to achieve the superconductivity at room temperature [2, 3] .
In this context the search for high TC (above liquid nitrogen temperature) superconductors [Ref. 3 -9] have drawn constant interest in last few decades. Further, focus also has been put to observe superconductivity in various new materials [10 -16] .
The origin to the superconductivity state for some of the materials are well explained with the mechanism of conventional BCS theory [17, 18] (conventional superconductor) and for some materials BCS theory does not explain (unconventional superconductor) [19, 20, 21, 22] . There are a few materials for which the understanding of the exact origin of superconductivity is in progress [23, 24, 25] . From application point of view, superconductors have already been used in various technologies such as Cryotron, superconducting quantum interference device (SQUID), magnetic resonance imaging (MRI), nuclear magnetic resonance (NMR), single photon detector, etc. [26] [27] [28] [29] [30] . In particular, the recent research shown by Thapa and Pandey on superconductivity at ambient conditions of temperature and pressure in Ag nanoparticles in Au matrix has triggered researchers to dream for room temperature superconductors [31] . Reproducibility of this result by others is yet to come. Rather, Biswas et. al has reported the absence of superconductivity in Ag-Au modulated nanostructured thin films [32] . On the other hand G. Baskaran has recently made theoretical calculation and suggests the existence of superconductivity in Ag-Au system [33] . It is also noted that superconductivity has been reported in various Au alloys at low temperatures [34, 35] , however, not in Ag-Au system except the report by Thapa and Pandey [31] . In this context we have investigated transport property of Ag implanted Au films which clearly shows the existence of superconductivity.
Methods
Two different thickness of Au films (20 and 5 nm) were deposited using e-beam evaporator in a high vacuum chamber manufactured by Mantis Deposition Ltd. (Model: QPrep 500) on Si (100) substrate having a native SiO2. A thin layer of Ta was used as a buffer layer.
Prior to deposition, the Si substrate was cleaned in acetone and isopropanol in ultrasonic for five minutes. For all the Au films, a 3nm thick Ta was deposited by dc sputtering on Si substrate as a buffer layer. The base pressure in the chamber was kept ~ 7 x 10 -8 mbar. For uniform film thickness, the substrate was rotated at 20 rpm while depositing Ta and Au. All the thin films were deposited at room temperature.
Ag-ion implantation in Au films were carried out using a 50 KeV low energy ion implanter at Institute of Physics, Bhubaneswar. The pristine samples (i.e. without any implantation) are named as S1 and S2 for Au thickness of 20 and 5 nm, respectively. Further the Ag implanted samples are named as S1-Ag and S2-Ag for Au thickness of 20 and 5 nm, respectively. The energy of ion (Ag) beam was kept different such as 30 KeVand 10 KeV for samples S1-Ag and S2-Ag, respectively. Resistance vs temperature (R-T) measurements in the temperature range of 1.6 to 300 K were carried out using four probe (van der Pauw) technique in a lowtemperature cryostat manufactured by Oxford Instruments (SpectromagPT) at variable magnetic fields (0 to 1 Tesla) and currents (0.05 to 4.00 mA). A current source (Keithley 6220) and a nanovoltmeter (Keithley 2182A) were used to apply current and measure voltage, respectively. Further we have measured the V-I characteristics at various temperatures down to 1.6 K (lowest temperature achievable in the SpectromagPT cryostat, which was used for this experiment).
Results and Discussion
Figure 1: Resistance versus temperature graph for the Ag-implanted 20 nm Au film (sample S1-Ag). The insert shows the R-T behaviour in the extended temperature range of 1.6 to 300 K for both the samples S1-Ag and its corresponding pristine sample S1 . All the data have been measured at I = 0.1 mA.
Ag implanted samples are named as S1-Ag and S2-Ag for Au thickness of 20 nm, and 5 nm, respectively. In the following we will discuss mostly the results obtained from sample S1-Ag. Fig. 1 shows the resistance (R) versus temperature (T) plot for sample S1-Ag measured at I = 0.1 mA. It is clearly observed that the resistance value starts decreasing below ~ 4 K and a sudden fall is seen at ~ 1.86 K. The inset of Fig. 1 shows R vs T behaviour in the extended temperature range (1.6 to 300 K). The lowest resistance value of this sample drops to ~10 -6 Ohm below ~ 1.86 K. It is a clear signature of superconductivity in sample S1-Ag at around 1.86 K, hence, thereafter called as the superconducting transition temperature TC. The TC value was extracted by differentiating the R-T curve. We have also performed the R-T measurements (red coloured triangles shown in inset of Fig. 1 ) of pristine sample S1, where no such superconductivity transition was observed. To further verify this novel effect, we have carried out the R-T measurements under various magnetic fields (Fig. 2(a) ) and at a constant current of I = 0.1 mA for sample S1-Ag. It is seen that at zero magnetic field the Tc is found to be ~1.87 K. The Tc values extracted from [36] [37] [38] . In Fig. 2(b) we have presented the current dependence nature of R-T curves for various currents (0.05, 0.1, 0.2, 0.6, 1.0, 3.0, and 4.0 mA). The Tc was found to be 2.06 K for I = 0.05mA. There is a clear change in the Tc shifting to lower temperatures (like other superconducting systems [39] ) when we increase the current from 0.05 mA to 3 mA and with further increase of current to 4 mA, the transition is not observed within our temperature limit of the cryostat. Further we have carried out the voltage (V) versus current (I) measurements of S1-Ag sample at various temperatures around the Tc as presented in Fig. 3 . At 2.3 K, the voltage varies linearly (Ohmic behaviour) with current and the line passes through the origin. However, by further decreasing the temperature the Ohmic (linear) behaviour transforms to superconducting behaviour (plateaus in V-I plot). It should be noted that the width of the plateaus increases with decrease in temperature below the TC. This indicates that below TC the critical current goes on increasing with decrease of temperature as reported earlier in other superconductors. [37, 38] To further analysis of transport behaviour in different thickness of Au films, we have also undertaken the R-T measurements of Ag implanted 5 nm Au film (S2-Ag) as well as its corresponding pristine sample S2 are presented in Fig. 4 . In sample S2-Ag, we could not observe the transition until our lowest system temperature limit, i.e., 1.6 K. The pristine sample (S2) shows usual metallic behaviour.
Room temperature superconductivity in Ag-Au system is recently reported by Thapa and Pandey [31] . They studied a system of Ag nanoparticles embedded in Au matrix. Several research groups took initiative to observe such novel effect in Ag-Au system. For example, Biswas et al. [32] has attempted to observe superconductivity in Ag-Au thin films prepared by pulsed laser deposition. However, their studied system did not exhibit any superconductivity in the temperature range of 5 to 300 K. On the other hand, theory groups have also attempted to verify the superconducting behaviour in Ag-Au system. Singh et al. [40] has made first principle calculations on 3D bulk crystals and 2D slabs of Ag-Au binary alloys where the TC was calculated to be as low as 1mK. Further the recent theoretical work by Baskaran endorses the superconductivity in Ag-Au system [33] . In his work, it is suggested that electron transfer may occur from Ag to Au matrix at the Ag-Au interface and quasi 2D structural reconstruction can happen leading to confined superconductivity.
Conclusions:
In conclusion, we have reported the existence of superconductivity in Ag-implanted 20 nm Au thin film. The Tc was found to be ~ 2 K below which the resistance was measured to be ~ 10 -6 Ohms. Further the magnetic field and current dependent resistance versus temperature confirms the superconducting behaviour. Our results pave a path to explore the new paradigm of superconductivity in Ag-Au system involving ion-implantation. Future work should be focused to study the effect of various dose and/or energy of the implanted Ag ions in different thicknesses of Au matrix. It may be possible to increase the TC in this system by varying the growth conditions. Both theory and experimental work on this topic will bring new insights into the origin of this novel superconductivity.
